infant mortality rate is also evident, from 200 per 1000 live births in 1949 to 23 per 1000 in 2005. 2 However, in 2003, the outbreak of SARS alerted the entire country and the world to the control of this infectious disease. Many questioned the readiness and openness of China to confront an infectious disease epidemic. Since the SARS epidemic, interest in the emergence and control of infectious diseases in China has been renewed.
Over the past 60 years, the list of notifiable infectious diseases covered by surveillance has been continuously updated in China. There are currently a total of 39 diseases that are designated as notifiable at the national level and classified as category A, B, or C diseases according to the seriousness of the public health impact and the potential for rapid and nationwide spread (Table 1) . Reports from surveillance data have shifted from paper forms to electronic documents. Previously, cases were reported via telephone calls and mailing of paper reports, such as monthly reports and annual reports. From the 1950s through the mid-1980s, notifications were distributed on a monthly basis in the form of aggregated paper-based reporting by post. From the mid-1980s through 2003, with the implementation of a computerized system, paper-based monthly reports were replaced with digitized monthly reports. Currently (2004 to present), all case-based data on notifiable diseases are transmitted electronically to the Chinese Center for Disease
Control and Prevention (China CDC) through a centralized, Internet-based reporting network on a real-time basis, enabling the government to detect and respond to outbreaks promptly. Subsequently, the direct online reporting of public health emergency events and the National Notifiable Infectious Disease Surveillance System were integrated into the "China Information System for Disease Control and Prevention." 3 Infectious disease surveillance is conducted by the continuous and systematic collection of information on infectious diseases and relevant factors and also by dynamic analyses of the temporal, spatial, and populational distribution of diseases to evaluate the current situation and any trends in infectious diseases and to provide evidence for prevention and control measures. Infectious disease surveillance supports the use of data to detect aberrations in disease occurrence, meaning that the number of cases is in excess of normal expectancy in a certain region during a certain time. Early detection of aberrations in infectious disease occurrence and the execution of rapid control actions are prerequisites for preventing the spread of outbreaks and reducing the morbidity and death caused by diseases. An early warning of infectious disease is an important tool for automated and timely analyses, and the detection of aberrations in infectious disease occurrence facilitates a rapid response to outbreaks and effective communication of outbreak information. In this study, we mainly provided a descriptive summary and a data analysis based on the National Notifiable Infectious Disease Surveillance System, Public Health Emergency Event Surveillance System, and China Infectious Disease Automated-alert and Response System (CIDARS) in China from 2012 to 2014.
2 | METHODS AND DATA
| National Notifiable Infectious Disease Surveillance System
The notifiable infectious disease reporting system is legally based on the Law of the People's Republic of China on Prevention and Control of Infectious Diseases, which is a passive reporting system that includes all types of health facilities at all levels. It is the most fundamental and important infectious disease surveillance mechanism with the longest history and the widest coverage in China. It can provide basic information on the incidence and mortality of populations and also serves as an essential data source for infectious disease early warning. Reporting Card for Public Health Emergency Event, the professional agency should verify the card, check the authenticity of the information, report the confirmed event directly via the Internet within 2 hours, and report the event to the health administrative authority at the same level via telephone or fax right away.
| China Infectious Disease Automated-alert and Response System
Effective analysis and interpretation of large volumes of reported data and rapid distribution of the results to responders are key components in outbreak monitoring and response. Therefore, a tool was conceived to conduct automated and timely analyses and to detect aberrations in infectious disease occurrence to facilitate a rapid response to outbreaks and to effectively communicate the outbreak information among CDCs in China. The universal availability of modern communication tools (such as computers, the Internet, and mobile phones) in China has helped in the realization of this idea. The CIDARS was successfully implemented and began to operate nationwide in 2008. 6 The CIDARS was developed on the basis of existing data from The notifiable infectious disease reporting system (NIDRIS).
By integrating multiple aberration detection methods, CIDARS conducts real-time and daily analyses on data and sends any abnormal signals to CDCs at the county level by short message service using mobile phones. The CDCs at national, provincial, and city levels can also monitor the response process of each signal and provide timely technical guidance and support as necessary. A unifying operational protocol of CIDARS for the workflow of these components was developed for the system users.
The 3 aberration detection methods were developed and applied in CIDARS in 2 stages. At the first stage, 2 aberration detection methods, the fixed-threshold detection method (FDM) and the temporal detection method (TDM),
were developed in 2006. Thirty-three diseases were classified into 4 types according to severity, incidence rate, and importance (Table 2) . They were analysed with 1 of the 2 different aberration detection methods. The 2 methods are briefly described as follows:
1 Fixed-threshold detection method
Fifteen infectious diseases, characterized by higher severity but lower incidence, are analysed using FDM with the threshold of one fixed value. 7 A signal is immediately generated once one case is reported to NIDRIS.
2 Temporal detection method a. For 16 infectious diseases (more common infectious diseases), the moving percentile method was used to detect aberrations in disease occurrence by comparing the reported cases in the current observation period to that of the corresponding historical period at the county level. To account for the day-of-week effect and the stability of data, the most recent 7-day period is used as the current observation period and the previous 3 years are used as the historical period. 8 The number of cases in the current observation period included the sum of reported cases within the recent 7 days. The corresponding historical period included, for each of the previous 3 years, the same 7-day period, the 2 preceding 7-day periods, and the 2 following 7-day periods to constitute 15 historical 7-day data blocks covering 105 days. We set the percentile of the 15 blocks of historical data as the indicator of potential aberration. The current observation period and the historical data block were dynamically moved forward day by day. If the onset of cases in current 7 days exceeds the N percentile (P n ) of the same period in the historical baseline data of the past 3-year level, CIDARS will generate 1 warning signal. For different diseases, the threshold P n is set as follows: the threshold of dengue fever, leptospirosis, epidemic cerebrospinal meningitis, epidemic and endemic typhus is P 50 ; that of hepatitis is P 70 ; and that of other diseases is P 80 .
b. Aberration detection of HFMD outbreak is based on the C3 algorithm of the early aberration reporting system developed by the United States Centers for Disease Control and Prevention. 8, 9 C3 compares the count of cases in the current day-day 0 with the corresponding mean count and the standard deviation for 7 earlier days, that is, days −9 to −3. If the calculated value of C3 surpasses a preset threshold, a warning signal is 16 infectious diseases: hepatitis A, hepatitis E, epidemic haemorrhagic fever, Japanese encephalitis, dengue, bacillary and amoebic dysentery, typhoid and paratyphoid, meningococcal meningitis, scarlet Fever, leptospirosis, influenza, mumps, rubella, acute haemorrhagic conjunctivitis, epidemic and endemic typhus, and other infectious diarrhoea in addition to cholera, bacillary and amoebic dysentery, typhoid and paratyphoid generated. Following the advice of senior epidemiologists and statisticians in the response system's research group, the preset threshold was given a value of 1.3 for HFM disease 10 in May 2010.
c. The aggregation method was adopted to analyse surveillance data on malaria. When the number of reported cases reached 2 within 30 days in the same township, the system issued 1 warning signal to the respective administrative county.
3 | RESULTS CDC will receive a message, which facilitates the verification and response to some important diseases. Under the action plan for the elimination of malaria and the elimination of measles in China, gradual increases in the diagnosis and reporting of malaria and measles have occurred, increasing the no. of malaria and measles early warning signals generated.
Currently, the methods of the early warning system are not abundant, with most diseases having only one method (moving percentile method). Next, we should consider the timeliness, sensitivity, and false alert rate of early warning methods to improve specificity. 11 This could allow for prioritization and the optimization of the model and the corresponding thresholds of diseases that have the greatest number of signals, such as HFMD, influenza, and mumps. Some studies have suggested a means of classifying the levels of disease incidence, 12 classifying epidemic and nonepidemic periods, 13 and consideration of the weekend effect in reported diseases. 14 The adoption of optimal thresholds can potentially guarantee sensitivity and timeliness and decrease the false alarm rate.
This study is only a descriptive evaluation and an analysis of the system results. It did not use timeliness, sensitivity, false alarm rates, or other indexes to evaluate the performance of the system for infectious disease outbreak detection. Previous studies have shown that CIDARS has high sensitivity and specificity, can shorten the report time of events, promotes early detection and response to outbreaks, and is helpful to control an outbreak's extent. 15 To disease prevention and control agencies at different levels, CIDARS has become an important tool for the early detection of infectious disease outbreaks.
We still face many problems and challenges. First, the strengthening of the top design of the infectious disease surveillance system, integration of existing surveillance systems, and improvement of surveillance efficiency are all necessary. Second, the inclusion of the existing monitoring system is not complete, although the existing monitoring and reporting methods are not appropriately sensitive or timely. Third, the technology and the capacity for infectious disease monitoring data analyses are not sufficient because the data are not fully used. Fourth, the early warning methods in CIDARS are relatively simple and the system function is not perfect, so users in different regions cannot choose the appropriate early warning method and the relevant parameters. System detection accuracy needs to be improved. Fifth, as China's hospital information system gradually improves, more and more various media and social network information has become available on the Internet, but the means with which to use information technology to identify potential public health emergencies among massive amounts of information constitute an important and inevitable topic of investigation for the future. In this study, we identified the National Notifiable Infectious Disease Surveillance System, the Public Health Emergency Event Surveillance System, and the CIDARS as 3 essential disease surveillance, event-reporting, and early warning systems that have operated effectively in the past 3 years. The National Notifiable Infectious Disease Surveillance System provides stable and real-time data. The Public Health Emergency Event Surveillance System collects all types of outbreaks and corresponding detailed event information. The CIDARS has become an important tool in the early detection of outbreaks for local CDCs. However, much work is still required to improve and perfect the performance of these 3 systems.
ACKNOWLEDGEMENT
This work was supported by the Ministry of Science and Technology of China (2016ZX10004222-009, 2012ZX10004201).
